I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Lead is a naturally occurring element found in earth crest and is usually combined with other elements. Lead is a heavy metal and toxic to human and animal health. Lead poisoning occurs in humans when they are exposed to higher doses of lead or its chronic exposure which sometimes becomes fatal when lead builds up in the body gradually through continuous chronic exposures to small quantities of lead through different sources. It affects almost all the organs of the human body and also causes physical and mental impairments. Children are more vulnerable to exposure to lead when compared with same magnitude of doses of lead exposure in adult as their nervous systems are still developing. Lead still remains a noteworthy environmental, occupational, and public health problem globally. Recently, the World Health Organization (WHO) (2017) quoted the data of Institute for Health Metrics and Evaluation that lead exposure accounted for 494,550 deaths and loss of 9.3 million disability-adjusted life years due to long-term effects on health. They also estimated that lead exposure accounted for 12.4% of the global burden of idiopathic developmental intellectual disability, 2.5% ischemic heart disease, and 2.4% of stroke.\[[@ref1]\] Adequate numbers of published reports are available on lead and human reproduction along with controlled experimental studies with respect to lead reproductive toxicity. Agarwal reported that heavy metals such as lead, mercury, cadmium, arsenic, and chromium may cause birth defects. Although the mother may be unaffected or unaware to such low-level exposure, their offsprings might be affected adversely with exposure to such agents *in utero*.\[[@ref2]\] Winder mentioned that from the view point of human reproduction, lead is known to cause a number of adverse reproductive outcomes in both men and women. Reported effects of lead in men include reduced libido, effects on spermatogenesis (reduced motility and numbers, increased abnormal morphology), chromosomal damage, infertility, abnormal prostatic function, changes in serum testosterone, and effects in women which comprise infertility, miscarriage, early membrane rupture, preeclampsia, pregnancy hypertension, and also preterm birth.\[[@ref3]\] Earlier, Xuezhi *et al*. reviewed studies from China, which described the possible links between low-level lead exposure and adverse effects on reproductive system. Effects manifested mainly as higher prevalence of menstrual disturbance, spontaneous abortion, and threatened abortion in exposed females. Impairment of male reproductive function was observed as decreased volume of ejaculation, prolonged latency of semen melting, reduced total sperm count and live spermatozoa, retarded sperm activity, and lowered density of semen fluid in exposed male workers with blood Pb over 40 μg/dL. They further suggested that health surveillance including the assessment of adverse effects on reproductive system of both sexes of lead-exposed workers should not be ignored.\[[@ref4]\] Furthermore, there are increasing evidence which indicated that lead, which readily crosses the placenta, adversely affects fetal viability and early childhood development (ATSDR, 2017).\[[@ref5]\] Earlier, Kumar mentioned that scientific evidence indicates extreme exposure sensitivity of embryos, fetuses, and infants to persistent environmental/occupational chemicals with respect to the same magnitude of exposure in adults. Paternal and maternal exposure to some of these chemicals might have adverse effect on the gamete structure and function, which might have considerable implication for the adverse effect on pregnancy and outcome.\[[@ref6]\]

It is well-established that humans are exposed to both toxic and trace metals as well as certain other substances concurrently and all these components can interact synergistically, or antagonistically. In addition, dietary factors may also have some role in the complex interaction of various components in the body for any observed health effects. Furthermore, Wirth and Mijal also mentioned that it is difficult to assign observed specific effects to a metal if it is the only one evaluated and results may be inconsistent if levels of other metals or dietary constituents that can modify effects are not considered. They also reported that further well-designed *in vitro* animal and human studies should be conducted to shed light on heavy metals and male reproduction.\[[@ref7]\] The present overview is written with the view to understand the effect of lead on human reproduction of both sexes and pregnancy outcome as more and more data on human reproduction are emerging on these aspects at lower level of lead exposure in recent years.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

The literature on exposure to lead and human male and female reproduction as well as on pregnancy, fetal development, and its outcome were collected through searching various websites such as Google, PubMed, and TOXNET and also consulting various books and journals related to occupational, environmental, and reproductive health. The article is divided into different sections based on male and female reproduction and pregnancy outcome with respect to occupational and environmental exposure to lead. Data are summarized and depicted in Tables [1](#T1){ref-type="table"}--[4](#T4){ref-type="table"}.
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R[ESULTS AND]{.smallcaps} D[ISCUSSION]{.smallcaps} {#sec1-3}
==================================================

There are several reports on exposure to lead and deterioration of human reproductive health, and adverse effect on pregnancy and its outcome are available since long and efforts are underway to reduce/restrict/stop human exposure to lead by various stakeholders all over the world. These reports indicated that lead can induce infertility and hormonal imbalance in both the sexes, decline libido, affect spermatogenesis and disruption in ovarian cycle in women, affect fecundity and adverse pregnancy outcome, and so on. However, humans are not only exposed to lead but also exposed to several other toxicants during their day-to-day activities. Thus, it is difficult to pinpoint a single agent/factor responsible for adverse reproductive effects. These factors sometime may act synergistically to produce such adverse effects or even some factors such as diet may also influence on adverse effects. However, the positive finding of these toxicants encourages taking up preventive measures to stop exposure to such reproductive toxicants.

Male reproduction and lead exposure {#sec2-1}
-----------------------------------

Humans are exposed to a number of toxicants including heavy metal lead during their occupations and through environment. It is an establishing fact that toxic substances in workplace may also contribute to infertility among workers. There are several reports which indicated that lead has toxic effects on human male reproduction by declining libido, spermatogenesis, semen quality, hormonal production and regulation, and so on. A combination of genetic, host, environmental, occupational, and lifestyle factors contributes to adverse effects on the reproductive health of men. Most of the studies have generally confirmed that even moderate- to low-level exposure to lead affects certain reproductive parameters.\[[@ref8]\] A number of earlier reports suggested that occupational exposure to lead affects the semen quality at a level of \>40 μg/dL in blood of exposed person. As early as 1975, Lancranjan *et al*. reported that elevated levels of Pb were associated with decreased libido and an increase in semen abnormalities in workers exposed to lead in workplace.\[[@ref9]\] Earlier, Apostoli *et al*. reported that exposure to inorganic lead \>40 μg/dL in blood impaired male reproductive function by reducing sperm count, volume, and density, or changing sperm motility and morphology.\[[@ref10]\] Alexander *et al*. also found a decline in total sperm count with increasing blood lead level (BLL), and semen Pb concentration was inversely associated with total sperm count, ejaculate volume, and serum testosterone, but not to sperm concentration.\[[@ref11]\] Later, Telisman *et al*. investigated blood lead (BPb), activity of delta-aminolevulinic acid dehydratase (ALAD), erythrocyte protoporphyrin (EP), blood cadmium (BCd), serum zinc (SZn), seminal fluid zinc (SfZn), serum copper (SCu), and semen quality and reproductive endocrine function in healthy industrial workers. They found that moderate exposures to Pb (BPb \<400 μg/L) and Cd (BCd \<10 μg/L) can significantly reduce semen quality without conclusive evidence of impairment of male reproductive endocrine function.\[[@ref12]\] Earlier, Assennato *et al*. also observed sperm count repression without endocrine dysfunction in Pb-exposed battery workers.\[[@ref13]\] Later, Erfurth *et al*. reported that a modest exposure to Pb was associated with minor alterations in male endocrine function, specially disturbing the hypothalamic--pituitary axis.\[[@ref14]\] Telisman *et al*. further observed a significant association of BPb, ALAD, and/or EP with reproductive parameters which indicated a lead-related increase in immature sperm concentration; percentages of pathologic sperm, wide, round, and short sperm; serum levels of testosterone and estradiol; and a decline in seminal plasma zinc and serum prolactin. These reproductive effects were observed at low-level lead exposure (BPb median 49 μg/L, range 11--149 μg/L).\[[@ref15]\] Later, Awadalla *et al*. found a nonsignificant reduction in count, motility, and elevation of impaired sperm morphology in subjects with BLL ≥20 μg/dL compared with those with BLL \<20 μg/dL. The percentage of haploid sperms was significantly lower among men with BLL ≥20 μg/dL (78%) compared with those with BLL \<20 μg/dL (87%). A positive significant correlation was observed between BLL and percentage of diploid sperms. Chromatin condensation was, however, negatively correlated with BLL.\[[@ref16]\] Later Hosni *et al*. investigated the effect of lead on semen quality and reproductive endocrinal function in infertile painter. A significant negative correlation between PbB and spermatic count and motility was observed, while there was no significant correlation between PbB and all endocrinal parameters. Patients with PbB ≥20 μg/dL showed a significant decrease in sperm motility and increase in testosterone level alone among all measured hormones.\[[@ref17]\] Hernández-Ochoa *et al*. evaluated environmental lead effects on semen quality and sperm chromatin, considering Pb in seminal fluid (PbSF), spermatozoa (PbSpz), and blood (PbB) as exposure biomarkers in urban men (9.3 μg/dL PbB). About 44% of subjects showed decreases in sperm quality; concentration, motility, morphology, and viability associated negatively with PbSpz, whereas semen volume was associated negatively with PbSF. PbB was not associated with semen quality or nuclear chromatin decondensation, suggesting that Pb in semen compartments assesses better the amount of Pb in the reproductive tract; therefore, these are better biomarkers to evaluate toxicity at lower Pb exposure.\[[@ref18]\]

Recently, Pant *et al*. evaluated whether seminal lead and cadmium at environmental concentration are associated with altered semen quality and found that lead and cadmium levels were significantly higher in infertile subjects. A negative association between seminal lead or cadmium concentration and sperm concentration, motility, and percent abnormal spermatozoa was found. This study shows that exposure to Pb (5.29--7.25 μg/dL) and cadmium (4.07--5.92 μg/dL) might affect semen quality in men.\[[@ref19]\] Recently, ATSDR (2017) suggested that there is sufficient evidence that BLLs ≥15 μg/dL are associated with adverse effects on sperm or semen, but it is unclear how long these effects may last in humans after lead exposure comes to an end.\[[@ref5]\] Recently, Famurewa and Ugwuja reported that seminal and blood plasma cadmium as well as blood plasma lead were significantly higher in azospermic and oligospermic men when compared with normospermic men. They suggested that environmental exposure to cadmium and lead may contribute to development of poor sperm quality and infertility in men.\[[@ref20]\]

There are reports on lead exposure and hormonal imbalance causing reproductive impairment. Doumouchtsis *et al*. mentioned that accumulation of lead affects the majority of endocrine glands. It appears to have an effect on the hypothalamic--pituitary axis causing blunted thyroid-stimulating hormone, growth hormone, and follicle-stimulating hormone (FSH)/luteinizing hormone (LH) responses to thyrotropin-releasing hormone, growth hormone--releasing hormone, and gonadotropin-releasing hormone stimulation, respectively. Higher levels of PRL in lead intoxication have also been reported. In short-term lead-exposed individuals, high LH and FSH levels are usually associated with normal testosterone concentrations, while in long-term exposed persons low testosterone levels do not induce high LH and FSH concentrations. These data suggest that lead first causes some subclinical testicular damage, followed by hypothalamic or pituitary disorder when longer periods of exposure takes place.\[[@ref21]\] Later, Yu *et al*. studied the effects of lead exposure on the concentrations of serum sex hormone in male workers and found that concentration of testosterone was significantly lower, whereas serum inhibin B concentration was significantly increased in exposed group than control group. They further suggested that lead exposure may alter male sexual hormone, which might impair endocrine function and Sertoli cells.\[[@ref22]\]

Recently, Kresovich *et al*. investigated the associations between heavy metals lead and cadmium and sex hormones (testosterone, free testosterone, estradiol, free estradiol) and other major molecules in steroid biosynthesis pathway \[androstanedione glucuronide and sex-hormone binding globulin (SHBG)\]. After adjustment for age, race, body mass index, smoking, diabetes, and alcohol intake, BPb was positively associated with testosterone and SHBG, whereas BCd was positively associated with SHBG. The association between BCd and SHBG levels was modified by BPb.\[[@ref23]\]

Exposure to lead during early childhood may also affect pubertal development in human male. There are few reports which indicated that lead exposure even delays the onset of puberty in male children. In a study, a total of 481 boys had BLLs, with a median of 3 μg/dL and 28% with values of ≥5 μg/dL. Pubertal onset occurred 6--8 months later, on average, for boys with high BLLs, compared with those with BLLs of \<5 μg/dL. Higher BLLs were associated with later pubertal onset in peripubertal Russian boys.\[[@ref24]\] Earlier, Hauser *et al*. also reported that relatively low environmental BPb was associated with decreased growth and differences in pubertal onset in periadolescent boys.\[[@ref25]\] Later, Tomoum *et al*. from Egypt reported that boys with high lead levels (≥10 μg/dL) had delayed pubertal maturation compared with those with low lead levels. Breast staging of sexual maturation was significantly delayed in girls with high lead levels. FSH and LH were significantly reduced in children of both sexes, and testosterone levels were reduced in boys with high lead.\[[@ref26]\] Recently, Minguez-Alarcon *et al*. examined the association between peripubertal BLLs and semen quality in young adulthood. They observed suggestive evidence of peripubertal BLLs above the Centers for Disease Control and Prevention reference level (above 5 μg/dL) could be associated with poorer semen quality indicative of sensitive window of sensitivity of lead exposure.\[[@ref27]\] Owing to these, it can be suggested that BLL during early childhood may delay male pubertal development and also affect semen quality at later life.

A number of pathways might be involved in lead-induced impairments of male reproductive health. Vigeh *et al*. reported that reproductive effects of lead are complex. Although lead can potentially reduce male fertility by decreasing sperm quality and affecting functional parameters, not all studies have been able to demonstrate such findings. They also mentioned that blood-testis barrier can protect testicular cells from direct exposure to high BLLs. For these and considering the wide spectrum of lead toxicity on reproductive hormones, they suggested that lead\'s main influence on male reproduction possibly occurs by altering the reproductive hormonal axis and hormonal control on spermatogenesis.\[[@ref28]\] Furthermore, recently Gandhi *et al*. mentioned that environmental and occupational exposure of lead may adversely affect hypothalamic--pituitary--testicular axis, impairing spermatogenesis. Dysfunction at the reproductive axis, namely testosterone suppression, is most susceptible and irreversible during pubertal development. Lead poisoning also appears to impair the process of spermatogenesis and sperm function. Generation of excessive reactive oxygen species due to lead-associated oxidative stress can potentially affect sperm viability, motility, DNA fragmentation, and chemotaxis for sperm--oocyte fusion, all of which can add to deter fertilization.\[[@ref29]\] Most of the recent available data suggest that lead level ≥10 μg/dL may have adverse effect on male reproduction by altering hormonal equilibrium and affecting spermatogenesis, and few reports are even available suggesting effect on reproductive health at above 5 μg/dL too.

Female reproduction and lead exposure {#sec2-2}
-------------------------------------

A number of studies are also available on female reproduction and on pregnancy and its outcome with respect to lead exposure. Tang and Zhu reported that the incidence of poly-menorrhea, prolonged and abnormal menstruations, and hypermenorrhea was significantly higher in female workers of lead battery plants than control. The incidence of spontaneous abortion was also noticed in few workers when compared with none in control. They concluded that occupational Pb exposure could lead to impairment of the function of reproductive systems; however, poor working conditions and workload may also be additional reasons for such effects.\[[@ref30]\] Eum *et al*. also found an association between low-level cumulative lead exposure and an earlier age at menopause. These data suggest that low-level lead exposure may contribute to menopause-related health consequences in older women.\[[@ref31]\] Recently, Lei *et al*. reported that lack of physical activity and frequent use of Chinese herbal medicine may be associated with elevated blood Pb levels in infertile women. Chinese herbal medicine use was observed to elevate Pb body burden of both infertile and pregnant women.\[[@ref32]\] Earlier, Chang *et al*. found that the mean BLL in infertile women was significantly higher than controls (3.55 vs 2.78 μg/dL). Compared with women with BLL ≤2.5 μg/dL, women with BLL \>2.5 μg/dL were associated with a threefold elevated risk for infertility, after adjusting for various confounding factors. Women\'s BLL was a significant predictor of the serum estradiol concentration also.\[[@ref33]\] These findings suggest an important role of even low BLL in the risk of infertility in women.

Pollack *et al*. reported geometric mean (interquartile range) of cadmium, lead, and mercury levels of 0.29 (0.19--0.43) μg/L, 0.93 (0.68--1.20) μg/dL, and 1.03 (0.58--2.10) μg/L, respectively, and found decreases in mean FSH with increasing cadmium and increases in mean progesterone with increasing lead level. They mentioned that environmentally relevant levels of metals are associated with modest changes in reproductive hormone levels in healthy, premenopausal women.\[[@ref34]\] Krieg and Feng investigated the relationships between blood Pb levels and serum FSH and LH in 35- to 60-year-old women with BLLs ranging from 0.2 to 17.0 μg/dL in these women. As the BLL increased, the concentration of serum FSH increased in postmenopausal women, women with both ovaries removed, and premenopausal women. The concentration of LH increased as blood Pb level increased in postmenopausal women and women who had both ovaries removed. The lowest concentrations of blood Pb at which a relationship was detected were 0.9 μg/dL for FSH and 3.2 μg/dL for LH. Lead may act directly or indirectly at ovarian and nonovarian sites to increase the concentrations of FSH and LH.\[[@ref35]\] Later, Gollenberg *et al*. examined the effect of Pb and Cd on hormone production throughout sensitive developmental period and found that high Pb (H-Pb) (≥5 μg/dL) was inversely associated with inhibin B \>35 pg/mL \[odds ratio = 0.26; 95% confidence interval (CI), 0.11--0.60; compared with Pb \<1 μg/dL\]. At 10 and 11 years of age, girls with low Pb (L-Pb) (\<1 μg/dL) had significantly higher inhibin B than did girls with moderate (1--4.99 μg/dL) or H-Pb (≥5 μg/dL). Inhibin B levels were lower among girls with both H-Pb and high Cd than among girls with H-Pb, relative to girls with L-Pb and low Cd.\[[@ref36]\]

There are few reports which indicated that lead exposure may affect the onset of puberty, affect menstruation and hormonal production and release, onset of menopause, and so on. Higher blood Pb levels were associated with a delay in the onset of puberty, after adjustment for possible confounders.\[[@ref37]\] Earlier, Selevan *et al*. also reported that blood Pb concentrations of 3 μg/dL were associated with significant delays in breast and pubic-hair development in African-American and Mexican-American girls. The delays were most marked among African-American girls. However, in White girls, there were nonsignificant delays in all pubertal measures in association with a lead concentration of 3 μg/dl.\[[@ref38]\] Wu *et al*. also found negative relation of BPb levels with attainment of menarche or stage 2 pubic hairs remained significant in logistic regression even after adjustment for race/ethnicity, age, family size, residence in metropolitan area, poverty income ratio, and body mass index. They concluded that higher BPb levels were significantly associated with late accomplishment of menarche and pubic hair among girls, but not with breast development.\[[@ref39]\] Very recently, Nkomo *et al*. found an association in females between adolescent elevated BPb levels (≥5 μg/dL) and lower level of maturation at age 9 years and slower progression of pubic hair and breast development. They also found gender differences between the effects of prenatal and postnatal lead exposure during pubertal development.\[[@ref40]\]

Lead exposure and time to pregnancy and small for gestation age {#sec2-3}
---------------------------------------------------------------

Several researchers have studied on occupational lead exposure and time to pregnancy (TTP) (time taken to conceive after stopping the use of contraceptive) as a marker of pregnancy outcome. Studies on TTP in the partners of lead-exposed men have produced inconsistent results. Some studies have suggested that Pb exposure is associated with reduced fertility; others have found no effect or inconsistence findings.\[[@ref41]\] Earlier, Apostoli *et al*. found a statistically significant difference in fecundability (shorter TTP) in favor of exposed subjects. Nevertheless, longer TTP was associated within the exposed group to higher levels of PbB, even though the gradient is not statistically significant. Focusing on subjects with only one, the Cox model showed no significant difference in fecundability between lead-exposed and nonexposed, whereas a statistically significant longer TTP was connected to exposure level ≥40μg/dL.\[[@ref42]\] Earlier, Lin *et al*. also determined the fertility of lead-exposed workers from birth certificate and reported that workers with \>5 years of exposure had reduced likelihood of fathering a child than those with a shorter period of exposure.\[[@ref43]\] These studies indicate that men with a long duration of PB exposure might have reduced fertility which in turn extended TTP. Later, Guerra-Tamayo *et al*. reported that in women with BPb levels above 10.0 μg/dL, the likelihood of not achieving pregnancy was five times higher after 1 year of follow-up compared with women with BPb levels below 10.0 μg/dL.\[[@ref44]\]

In addition, there are few studies on small for gestational age (SGA) and exposure to lead prenatally. Chen *et al*. reported that maternal exposure to Pb plays a more vital role in adverse effect on birth outcome than induced by paternal exposure. Maternal BPb concentrations ≥20 μg/dL had a higher risk of mothering an SGA child (Risk Ratio = 2.15).\[[@ref45]\] Jelliffe-Pawlowski *et al*. (2006) also provided evidence of adverse effects of maternal pregnancy BLLs, particularly when Pb levels are ≥10 μg/dL. Prenatal Pb exposure at these levels was associated with significant decreases in total days of gestation and an increased risk of preterm and SGA birth.\[[@ref46]\] Recently, Wang *et al*. analyzed that gestational Pb exposure elevates risk of SGA births. The subjects were classified into three groups according to serum Pb. L-Pb (\<1.18 μg/dL), M-Pb (medium Pb, 1.18--1.70 μg/dL), and H-Pb (≥1.71 μg/dL). The rate of SGA was 6.2% in subjects with L-Pb, 8.7% in subjects with M-Pb, and 10.1% in subjects with H-Pb, respectively. The rate of SGA infants was elevated only in subjects with H-Pb in the first trimester. They further reported that maternal exposure during pregnancy elevates risk of SGA in girl\'s offsprings only but not for boys.\[[@ref47]\] Earlier, Zhu *et al*. also mentioned that low-level PbB was associated with a small risk of decreased birth weight, but was not related to preterm birth or SGA. They mentioned that relative to 0 μg/dL, PbBs of 5 and 10 μg/dL were associated with an average of 61-g and 87-g decrease in birth weight, respectively. The adjusted odds ratio for PbBs between 3.1 and 9.9 μg/dL (highest quartile) was 1.07 (95% CI, 0.93--1.23) for SGA, relative to PbBs ≤1 μg/dL (lowest quartile).\[[@ref48]\]

Lead exposure, pregnancy, and outcome {#sec2-4}
-------------------------------------

It is known that lead mobilized from bone to blood during pregnancy at higher rate and which in turn it transported in to fetus. Earlier, Silbergeld *et al*. reported that the primary site of lead storage is in bone. They also mentioned that PB in bone is not a physiological sink, but can be mobilized back into the circulation in response to normal or pathological changes in mineral metabolism. Bone lead may be a significant source of target organ exposure under certain conditions, such as pregnancy, kidney disease, and menopause.\[[@ref49]\] Later, Gulson *et al*. confirmed that lead is mobilized from skeletal stores at an accelerated rate during pregnancy and is transferred to the fetus. These results also show that mobilization from bone contributes significantly to BPb levels during pregnancy.\[[@ref50]\] Furthermore, Hernandez-Avila *et al*. determined the bone lead burden with *in vivo* K-X-ray fluorescence of the tibia (cortical bone) and the patella (trabecular bone). The mean bone Pb levels were 9.8 and 14.4 μg/g bone mineral for the tibia and patella, respectively. Birth length of newborns decreased as tibia Pb levels increased. Patella Pb was positively and significantly related to the risk of a low head circumference score; this score remained unaffected by inclusion of birth weight. The authors estimated the increased risk to be 1.02 per μg lead/g bone mineral. Odds ratios did not vary substantially after adjusting for birth weight and other determinants of head circumference.\[[@ref51]\]

Women\'s exposure to lead might cause several disorders such as higher prevalence of menstrual disturbance\[[@ref4][@ref30]\] and even at low exposure levels associated preterm birth and reduced birth weight.\[[@ref52][@ref53][@ref54]\] Prenatal lead exposure can affect maternal health and infant birth outcomes. Vigeh *et al*. (2011) reported that the average and geometric means of BLLs were 3.8 (1.0--20.5) and 3.5 μg/dL, respectively, in the study population. Blood Pb level was significantly higher in mothers who delivered preterm babies than in those who delivered full-term babies (4.46 ± 1.86 and 3.43 ± 1.22 μg/dL, respectively). Logistic regression analysis demonstrated that a 1 unit elevation in BPb levels led to an increased risk of preterm birth.\[[@ref53]\] Very recently, Lamichhane *et al*. reported that maternal lead exposure is associated with poor birth outcomes. They have evaluated whether associations between prenatal Pb and birth outcomes differed by maternal GST genes and infant sex. The genotyping of GST-mu 1 (GSTM1) and theta-1 (GSTT1) polymorphisms was studied and did not find a statistically significant association between prenatal BPb levels and birth outcomes; in stratified analyses, the association between higher BPb during early pregnancy and lower birth weight was significant in males of mothers with GSTM1 null. The results were similar for head circumference model, but the level of significance was border line. Head circumference model showed a significant three-way interaction among BPb during early pregnancy, GSTM1, and sex. For combined analysis with GSTM1 and GSTT1, GSTM1 null and GSTT1 showed a significant inverse association of BPb with birth weight and head circumference in males.\[[@ref55]\]

Miscarriage/spontaneous abortion and lead exposure {#sec2-5}
--------------------------------------------------

WHO (2017) reported that exposure of pregnant women to high levels of lead can cause miscarriage, stillbirth, premature birth, and low birth weight, as well as minor malformations in young ones.\[[@ref56]\] Recently, Amadi *et al*. observed miscarriages and stillbirths among women exposed to five heavy metals, namely, mercury, arsenic, lead, chromium, and cadmium. These heavy metals were associated with increased incidence of miscarriages in developing nations. In Nigeria, women with history of miscarriage had BPb levels \>25 μg/dL during pregnancy associated with \~ 41.61% increase in miscarriage incidence.\[[@ref57]\] Earlier, Lamadrid-Figueroa *et al*. also reported that women with a large plasma/whole blood Pb ratio may be at higher risk of miscarriage, which could be due to a greater availability of placental barrier crossing Pb.\[[@ref58]\]

Earlier, Borja-Aburto *et al*. evaluated the risk of spontaneous abortion from low or moderate Pb exposures. A total of 668 women enrolled during first trimester, and the mean BPb levels were 12.03 μg/dL for SAb cases and 10.09 μg/dL for controls (*P* = 0.02). Odds ratios for spontaneous abortion comparing 5--9, 10--14, and ≥15 μg/dL with the referent category of \<5 μg/dL of BPb were 2.3, 5.4, and 12.2, respectively. After multivariate adjustment, the odds ratio for spontaneous abortion was 1.8 for every 5 μg/dL increase in BPB load.\[[@ref59]\] Hertz-Picciotto (2000) conducted a prospective study in Mexico City and also found a striking dose--response relationship between BPb and risk of spontaneous abortion. The odds ratio for spontaneous abortion was also found to be 1.8 for every 5 μg/dL increase in BPb.\[[@ref60]\] However, Vigeh *et al*. did not find significant difference between spontaneous abortion cases and ongoing pregnancies (3.51 ± 1.42 and 3.83 ± 1.99 μg/dL, respectively). They also suggested that in apparently healthy women, low BPb levels (mean \<5 μg/dL) in early pregnancy may not be a risk factor for spontaneous abortion.\[[@ref61]\] Based on available data, it can be inferred that long-term lead exposure adversely affects fetal viability as well as fetal and early childhood development, as lead is reported to cross the placenta readily.

There are reports which suggest that lead acts as an endocrine disruptor and also induces oxidative stress. Retto de Queiroz and Waissmann reported that a significant increase in the incidence of male infertility may result at least, in part, from synthetic toxic substances acting on the endocrine system. Pesticides such as DDT and linuron; heavy metals such as mercury, lead, cadmium, and copper; and substances such as dioxins, polychlorinated biphenyls, ethylene dibromide, phthalates, and polyvinyl chloride are some of the endocrine disruptors that can cause male fertility.

The available data suggest that lead exposure at lower level can also affect female reproduction by disturbances of menstruation cycles, affecting offspring development, impaired intellectual ability of young one, reduced offspring weight, and also semen quality and hormonal production and release in both sexes and also affects TTP. In addition, a number of reports have appeared in recent years which indicated that low level of lead also has adverse effects on reproduction. BLLs which were earlier considered safe are now demonstrated by different investigators as hazardous to human reproduction. The data so far available implicated lead as one of the contributing factors to reproductive and developmental effects; however, there is still need to establish these effects at low exposure levels than the reported dose.[@ref62]
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